One of the main cognitive abilities is visual processing. Although much is known about the components of visual processing, current assessment instruments do not adequately measure these components in a manner that is useful in the applied setting. In particular, most instruments fail to isolate visual processing from other forms of processing, measure only one component of visual processing, and are inappropriate for group administration. Therefore, a new measure of visual processing is needed that overcomes these limitations. TRIO was developed specifically to fill the gap. This article presents a description of the development of this instrument and the psychometric and normative data obtained on it.
In the present study of cognitive abilities, important distinctions are made between visual abilities and verbal abilities (Gardner, 1983; Riding & Pearson, 1994) . Several factor analytic studies have pointed toward the existence of separate factors for verbal and visual processing (Halpern, 1986, p. 48; Paivio, 1986, pp. 100-101) . Verbal processing can be thought of as perceiving and processing information in terms of word patterns. Thinking and learning occur by associating word patterns based on categorical information and semantic overlap. Visual processing, on the other hand, refers to the perception and processing of "pictures," or mental images. Processing proceeds according to spatial characteristics of the information, and patterns and associations are formed using imagerial dimensions including color, size, shape, and pattern.
It is a fairly straightforward task to measure verbal abilities by virtue of the processing involved. Most verbal tasks focus on the relationship between word concepts presented in paper-and-pencil tasks. Because the tasks are verbally presented, processing can be attributed easily to verbal skill. However, when assessing visual processing, the materials and tasks must focus on the relationships between visual dimensions, and this often presents a challenge for the test developer.
Current Measures of Visual Ability Stumpf (1993) has reviewed current measures of visual/spatial ability and found 12 types of tasks that are commonly used. These include (a) maze or copying tasks, (b) embedded-figures tasks, (c) figural memory tasks, (d) figural combination tasks, (e) figural rotation tasks, (f) block tasks, (g) object rotation tasks, (h) paper folding tasks, (i) surface development tasks, (j) perspective tasks, (k) combination tasks, and (l) figural collage tasks. A detailed description of each of these types of tasks can be found in Eliot's (1980) book.
Recently, the literature has suggested the emergence of a 13th category of visual processing measures that might be best classified as subjective response tasks. Subjective response tasks usually take the form of paperand-pencil instruments that require individuals to indicate their preferences for different types of processing. These tasks often are incorporated into a larger battery of tasks that collectively comprise learning style profiles. Examples of these tasks can be found in a review conducted by Snyder (1997) .
Limitations of Current Measures
Although many of these current visual ability measures adequately assess visual ability, they are not well suited for creating assessment profiles that can be used in applied settings. Each of these limitations and the reason for the necessity of developing a new measure are outlined below.
FAILURE TO ISOLATE VISUAL PROCESSING
One of the major shortcomings to several of the measures mentioned previously is the lack of effective control for confounding processing abilities that may not be directly related to visual processing. Mazes and copying tasks require that participants literally perform each task using physical manipulation; the same is true for some paper folding tasks. That is, these processing tasks require not only visual processing but also kinesthetic or tactile processing. Although individuals certainly are capable of using combined abilities to perform such tasks, this measurement protocol makes it difficult, if not impossible, to determine the unique contribution of visual ability alone.
A good example of this problem comes from research conducted on the maze tasks pioneered by Porteus around the turn of the century. These tasks generally have been validated as measures of constructs reaching far beyond visual processing ability. Porteus considered his test a measure of the ability to plan ahead and a telling indicator of the psychological responses to certain types of environmental stress (Schwesinger, 1953) . In addition, embeddedfigures tests also have been shown to allow for analytic or verbally mediated processing (Maccoby & Jacklin, 1974) .
INAPPROPRIATENESS FOR GROUP ADMINISTRATION
The vast majority of visual ability tests (including figural memory tests, rotation tasks, block design tasks, surface development tasks, and figural collage tasks) are designed for single-subject administration and are used as aids in clinical diagnosis of disabilities. Because of this narrow focus, these measures are inappropriate or severely limited in their ability to provide information about large numbers of "normal" individuals. In addition, the administration time for these tests as well as the time involved in individual scoring and interpretation can be considerable if not overwhelming in most applied settings.
LIMITED RANGE OF VISUAL ABILITIES
A leading weakness shared by many measurements in the field of visual processing ability is the focus on only one type of visual information, namely, shape. In most of the visual tasks listed previously, the tasks require the subject to recognize whether similar shapes are the same or whether various drawings depict what an object's apparent shape would be if the object were rotated, folded, or otherwise manipulated. Generally, shape is the only aspect with respect to which the correct and distractor answer choices differ.
There are, however, a number of other characteristics for which differences and similarities are almost undoubtedly recognized through visual processing. Color, size (or quantity), and shading are three types of information that occur through visual perception and are not currently accounted for in most visual ability measures.
DEPENDENCE ON SUBJECTIVE RESPONSES
The last category of visual processing ability measures is devoted to tasks that identify modality through subject identification of past or present experiences. These measures rely entirely on the participant analyzing his or her own processing. However, research is replete with examples of individuals being poor determiners of their own visual processing (e.g., Pylshyn, 1973; Spoehr & Lehmkuhle, 1982) . In addition, there have been no studies that have tried to relate preference or verbal response to actual ability performance. Finally, it may make it difficult for individuals to isolate visual processing ability from other abilities that they also typically apply when confronted with these tasks.
Given the current status of instruments assessing visual processing ability, a new measure is needed that overcomes the limitations of the previous tasks but also addresses the critical constructs involved in visual processing. TRIO was developed specifically to isolate visual ability and directly assess this ability by targeting several elements of the visual process. In addition, the measure can be administered in large group settings and uses an easily scoreable protocol.
Development of TRIO

Determining General Characteristics of the Instrument
As mentioned previously, our intent was to develop a visual processing instrument that would overcome the limitations of previous instruments. Therefore, TRIO was designed to meet the following basic criteria:
1. The instrument would be an objective rather than subjective measure of visual processing; 2. The instrument would incorporate multiple components of visual processing; 3. The instrument would isolate visual processing from other perceptual modalities and prevent verbally mediated responding; and 4. The instrument would be easily administered to groups and scored easily and accurately.
Phase 1: Isolating Visual Ability
Our intent was to use a task presenting stimuli that can be processed visually rather than verbally or manually (tactile processing). The task had to avoid manipulating, changing, or altering the stimuli, which would invoke processing beyond visual understanding. Therefore, we decided that the task should focus on the most basic visual ability, namely, pattern perception, and the perceived patterns should be presented without need for additional mental processes, such as rotation. To determine the precise pattern perception task to be used, we reviewed the literature on visual pattern recognition (e.g., Franks & Bransford, 1971; Garner, 1979; Hubel & Wiesel, 1979; Selfridge, 1959; Shapely & Lennie, 1985) . This literature indicates that individuals identify visual patterns by determining the relationships between visual features. Using this research as a base, we created multidimensional visual figures and developed a relational rule that related these features. Participants could then be provided with the relational rule and use their visual ability to recognize if the pattern is present or not.
Phase 2: Determining the Visual Stimuli
The next phase of the instrument development was to determine what visual patterns and relationships should be tested. Because we wanted to ensure that participants would understand the pattern to be identified, we decided to use simplistic geometric figures that are part of all adults' experiences. These forms included a triangle, a square, and a circle. Three figures were used to allow for variations in a batch-testing recognition task.
In creating the relationship rule for the pattern, we consciously avoided the shortcomings of previous studies that focused only on the feature of shape. Therefore, other visual dimensions were used to create patterns. These included size (or number), shading, and color. Thus, for each visual pattern, there could be variations in shape, shading, color, and number. In keeping with the number of shapes, three levels for each of these other dimensions were developed. Thus, each pattern could involve triangles, squares, or circles; lightly shaded, darkly shaded, or striped; red, blue, or green; and consist of one, two, or three figures. Basic colors were used to increase familiarity with the pattern and to tap automatic abilities.
The establishment of the rule that would create a pattern using these visual features was built around analyzing each dimension. To ensure comparisons on each dimension, a pattern rule was created that related multiple figures. It was decided to use three figures, and thus the name TRIO was used. Also, to ensure that each dimension between each figure was analyzed, the rule developed was all alike or all different on each dimension. Analyzing the three figures on only one dimension and finding that they were all alike would not ensure that the pattern existed and vice versa. Thus, here successful visual processing requires the simultaneous scanning of four visual dimensions. The higher the ability level of the individual, the more processing capacity they should possess and, consequently, the more simultaneous visual information they can process.
Phase 3: Creating the TRIO Task
In the literature, two common tasks are used to assess individuals' pattern recognition: (a) forced-choice tasks, in which the participants are presented a pattern and asked if they recognize it; and (b) batch-recognition tasks, in which participants are presented several patterns and must recognize the correct patterns. The forced-choice task is susceptible to chance responding (guessing), and thus ability assessed in this way might be confounded with measurement error. The batch-testing method is less susceptible to pure chance but still allows for random responding. We decided to create a task based on a variation of batch recognition, on which participants would have to pick out the appropriate visual pattern from among other visual figures that may or may not be patterns.
It was decided that all visual figures would be presented in an array and that participants would have to search the array to find three figures that formed the TRIO pattern. Requiring a search through an array not only minimizes random guessing but also provides for greater variability in visual performance due to increase sensitivity to time constraints. The inclusion of figures not in the pattern requires additional visual comparisons on each of the four dimensions with the pattern rule. A 3 × 3 matrix was developed to display the visual figures. This array was selected based on Sperling's (1963) findings that nine figures are well within the visual perceptual field and can be simultaneously compared.
Matrices were created by producing all possible stimuli reflecting each combination of all four dimensions for a total of 108 figures. These figures were each drawn on a 3 × 5 card, and all cards were thrown into a hat. Then nine cards were randomly selected. The nine were arranged in a 3 × 3 matrix and studied to determine if a TRIO was present (66% of the time this method produced a matrix with at least one TRIO). On those occasions in which a TRIO was not produced, one card was randomly removed from the matrix and replaced with a new card from the hat. This was repeated until the matrix contained one TRIO (this took two times for two matrices and five times for one matrix). The entire process was repeated nine times for the creation of nine matrices. (Ultimately, one matrix was used for introductory unscored practice, whereas the remaining eight matrices were used to generate scored data.)
Next, to measure ability differences, speed was introduced. With enough time, any participant could detect the pattern by trying all possible combinations of figures, provided that he or she understood the basic visual stimuli. Field testing was conducted to determine the appropriate amount of time to allow participants to find the TRIO. This testing was conducted by presenting to individual subjects a personalized form of the TRIO matrices in which they were asked to think aloud as they worked through identifying the TRIO pat-tern. The think-aloud protocols for those responding correctly were then analyzed to determine who used efficient visual strategies versus exhaustive trial and error or other types of processing including verbal mediation. Those using visual processing used phrases like "the pattern just popped out at me" or "I focused on color, shape, size, etc." as compared to those using verbal mediation strategies, such as "I turned the patterns into words and then looked for words in common," or exhaustive trial and error, such as "I tried every possible combination." It was found that the group using the more efficient visual strategies required 10 to 30 seconds of processing time, the group that used some form of verbal mediation averaged about 90 seconds with a range of 45 to 150 seconds, and the exhaustive trial-and-error group took from 60 to 180 seconds. These demarcations suggested that those with highly developed visual processing abilities were able to recognize the TRIO pattern within 30 seconds.
Phase 4: Creation of Group Administration Protocols and Scoring Guides
Up to this point in the development phase, the TRIO measure was individually administered using a timer, and individual responses were pointed out on a paper diagram. However, to make TRIO more suitable for group administration, the matrices were transferred to overheads that could be viewed by larger groups of 30 to 40 individuals. Response sheets, which contained grids that looked like the matrix overheads without the figures, were generated.
One hundred participants were tested individually as well as with the group overhead format, and the results were compared to determine if there were differences between the two testing versions. A Pearson productmoment correlation coefficient of .98 was obtained, indicating that the tests were essentially the same.
Because one of the purposes of TRIO was to ensure easy administration and scoring, a concerted effort was made to create user-friendly materials. A structured protocol was developed that described the four visual dimensions of TRIO and the relational rule combining these features. It also provided examples and nonexamples of TRIOs and a practice matrix in which individuals could make a response and receive feedback about their response. These steps were included to ensure that individuals understood the basic visual concepts and the measure was assessing true visual ability and not uncertainty about the features or rules.
The protocol was piloted with individuals not participating in the previous testing. These individuals were again provided unlimited time to discover the TRIO in each matrix following the scripted protocol directions and with matrices presented via the overhead. Their performance was similar to the original testing results with only 8% not responding with the correct answer, indicating that the participants did understand the task.
Finally, to assist in scoring, a completed response sheet showing the correct location of TRIOs within the matrices was produced. Answers were scored as either correct or incorrect depending on whether responses matched those on the answer sheet. Fifty new participants were recruited to go through the group-timed task (30 seconds per matrix), and their response sheets were scored by experimentally naive graduate students who possessed only the created answer sheets. The total number correct (a maximum possible of eight, because one of the nine matrices is used as an unscored practice introduction to the task) was generated for each participant and compared against raters. There was 100% agreement in all ratings suggesting that the scoring method works well.
Description of the Final Instrument
In TRIO, the participant is presented with a series of visual pattern matrices projected on a screen. Figure 1 .
The task in TRIO is to identify within each matrix a set of three blocks within which the blocks are all alike or all different on every dimension, a TRIO. Figure 2 provides three examples of a group of three blocks that would constitute a TRIO if found anywhere within the same matrix. Three nonexamples are shown in Figure 3 . (Note that each nonexample is not a TRIO because two blocks are alike and one block is different on one or more dimensions.)
The TRIO may be formed from blocks found anywhere in the matrix. For some matrices, more than one TRIO may exist. The participant's task, however, is to find one of the TRIOs. Once a TRIO is identified in the projected matrix, participants mark their answers by placing Xs on corresponding grids presented on answer sheets. Figure 4 shows how a TRIO would be correctly marked on an answer sheet for the matrix presented in Figure 1 . For each matrix, the participant has 30 seconds within which to find a TRIO.
The TRIO task, therefore, requires that participants visually scan the matrix array and make visual comparisons using multiple visual dimensions. The speed requirement of TRIO necessitates automatic processing to succeed, and, by definition, visual processing should be most automatic in those with higher ability. Verbal mediation is not possible due to the lack of time for analytic, verbally based decision making.
The entire instrument is composed of one unscored sample and eight scored target matrices, and an individual's score reflects the number of target matrices in which a TRIO was correctly identified in the eight scored matrices. Answer sheets are easily scored following an illustrated guide of possible TRIOs. The total correct is compared against the norming study data to determine the ability level of an individual.
Phase 5: The Norming Study
The final phase of development was norming the instrument to ensure accurate interpretation of the scores generated from TRIO. A total of 975 undergraduates attending an introductory psychology course were recruited for the norming study. Students were run in groups of 25 to 50 at a time. All response sheets were scored for accuracy. The average score is 3 with a standard deviation of 1.5. Based on these results, one can argue that average visual ability is a score between 2 and 4 on the test, with above-average ability being a score of 5 to 8 and below average a score of 0 to 1.
It is recognized that norming the instrument on college students may not be indicative of the entire adult population. This group may be, on average, higher or lower visual processors. There is no research to indicate that the visual processing ability of college students is different from that of the larger adult population. However, there is some evidence that verbal skills lead to better school success, and thus one might predict that college students are likely to be more skilled verbally, and this may or may not affect their visual skills. Many researchers feel that most individuals are stronger in one cognitive area or the other, and if this is true, then the average generated from this norming sample may be too high, because college students probably have higher verbal skills than the population as a whole. More research is needed to confirm or disconfirm this hypothesis. Note. The first row represents a TRIO because for all three blocks, the symbol is the same, the number of symbols is the same, the color is the same, and the pattern is different. So, each block is alike or different on each dimension. The second row represents a TRIO because the symbols are alike, the patterns are alike, the colors are different, and the number of symbols is different. The third row represents a TRIO because all the blocks are different on each dimension.
Psychometric Properties of TRIO
processing appear. These elements include the targeted visual areas of shape, size or quantity, color, and shading. In a speeded situation such as that presented by TRIO, one would expect the automatic nature of acquisition and processing of visual patterns to be the key to high performance. The more verbal cognitive analyses that an individual employs in attempting the task, the lower the score will tend to be due to the time such processing consumes. One would expect to see higher scores from individuals who are able to use cognitive processes that are, for them, more automatic and efficient. TRIO focuses on the ability to recognize and compare visual stimuli that themselves are very familiar. Ease and quickness in making judgments about familiar stimuli is a characteristic expected of persons with high visual ability and generally lacking in those who struggle with visual tasks.
Because the TRIO task is presented via overheads, it is ideally suited for group administration. A script is provided that is easy to follow and ensures that participants understand the basic relational elements of a TRIO. TRIO 1040 EDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT Figure 3 . Three nonexamples of TRIOs.
Note. The three blocks in the first row are not a TRIO because two blocks have green symbols and one has blue symbols. This is not a TRIO because on the dimension of color, there are two alike and one different. The second row is not a TRIO because on the dimension of symbol, there are two alike (triangle) and one different (circle). The third row is not a TRIO because on the dimension of pattern, there are two alike (striped) and one different (darkly shaded).
requires no formal training to administer. Furthermore, scoring is made easy by providing testers with a scoring sheet showing the location of TRIOs within each grid. Thus, to determine an individual's score, one need only compare the answer sheet to the participant's response sheet to determine whether TRIOs have been correctly identified. Correctness is indicated by a one and incorrectness by a zero. The total score then reflects the number of matrices in which a TRIO was correctly identified, and this score easily can be compared against the norming scale to determine an individual's ability level.
Need for Other Psychometric Data
To establish that TRIO yields valid data measuring visual processing, it is necessary to assess convergent validity by correlating data from TRIO with data from another measure that presumably assesses the same construct. For the purposes of investigating the validity of TRIO scores, the most appropriate measures for comparison are those whose only weakness is the limitation of single-subject administration. Out of these measures, the block design task was selected because it requires the least amount of time to administer, is more easily scored, and scores obtained with this instrument generally have good reliability and validity. Not only should data from TRIO correlate well with data from other tests measuring the same construct, but, in addition, this same data should diverge from scores on unrelated tests, specifically tests measuring other processing abilities, such as verbal ability. Data from a sound indicator of verbal processing, a separate and distinct construct from visual processing, should not correlate too highly with data from TRIO (Campbell & Fiske, 1959) . To determine the divergent validity of TRIO, it was compared against a well-established verbal test, the similarities subtest of the Differential Abilities Scales (DAS).
Finally, Anastasi (1988) suggests that it is important to establish a test's score reliability to determine the "extent to which individual differences in test scores are attributable to true differences in the characteristics under consideration and the extent to which they are attributable to chance" (p. 109). Test-retest reliability coefficients were computed in the present study.
Testing the Psychometric Properties of TRIO
PARTICIPANTS Students (N = 265) attending undergraduate psychology classes at a western university were used to evaluate the psychometric properties of TRIO scores. Approximately 65% of the sample was female. The students were primarily Caucasian, and their ages ranged from 19 to 41 with an average age of 24 years. Most of the students received extra credit for participating in the study. However, students did not know before the study that it involved specifically visual activities but only that it had to do with general cognitive abilities.
INSTRUMENTS
Block design task. The pattern construction subtest of the DAS can be considered a block design task. It reflects an individual's spatial visualization ability including perception of spatial organization, the ability to reproduce the design of objects, and the ability to perceive and analyze visual information (Elliott, 1990) .
In this test, the participant is required to copy a two-dimensional pattern composed of two colors by arranging three-dimensional blocks whose sides are different colors and patterns. The task requires the individual to analyze and synthesize the sample design. The pattern construction test is given individually and scored by trained administrators. Scores obtained with the block design task are typically both reliable and valid indicators of visual ability. Reliability coefficients tend to be .90 or higher (Elliott, 1990) . The correlation between the block design task scores of the DAS and the block design scores from the WISC-R was .86; the correlation with the visual reasoning subtest of the Stanford-Binet was .65 (Elliott, 1990) .
Similarities task. The similarities subtest of the DAS was used to measure subjects' verbal ability. This test measures an individual's verbal reasoning, vocabulary, and general verbal development (Elliott, 1990) . In this test, the individual is provided with three words, and he or she must determine how these words are similar. For example, if the words were apple, orange, and banana, the correct response would be fruit.
The similarities test is given individually and scored by trained administrators. Scores obtained with this scale are generally reliable and valid indicators of verbal processing. Reliability coefficients of scores on this measure tend to be greater than .77 (Elliott, 1990) . The correlation between the similarities subtest of the DAS with the similarities subtest of the WISC-R was .75; the similarities subtest correlated .68 with the verbal reasoning subtest of the Stanford-Binet (Elliott, 1990 ).
PROCEDURE
Students attending five different undergraduate classes spanning three quarters volunteered to participate in the study. All students were administered the TRIO instrument in groups of approximately 50. These same students later participated on an individual basis in the administration of the block design task followed by the similarities subtest. Approximately 2 weeks after the individualized testing sessions, 100 participants were brought back and retested using the TRIO instrument.
RESULTS AND DISCUSSION
Correlational analyses were conducted using the scores from each pair of instruments. Bivariate correlation coefficients were calculated expressing the degree of linear relationship between the following pairs of scores: (a) TRIO scores and the block design task scores, (b) TRIO scores and the similarities task scores, and (c) TRIO scores on first testing with the scores from the second testing. Ranges, means scores, and standard deviations of each of these instruments are presented in Table 1 . The correlation matrix for all instruments is provided in Table 2 .
Test-retest reliability. The correlation coefficient for the test-retest reliability resulted in a Pearson r = .94. This finding suggests that data from TRIO are stable and that individuals' scores are a reflection of their ability and not the result of measurement error.
Convergent validity.
A moderate-to-high correlation was expected between the TRIO scores and the scores on the block design test. The correlation between scores on TRIO and scores on the block design test was moderately strong (r = .65). Given the strength of the block design test with other measures of visual processing, including subtests of the WISC-R and the Stanford-Binet, it may be assumed that the construct under study is visual ability and that TRIO is also capable of assessing this ability. Divergent validity. It was expected that TRIO scores would not correlate highly with the scores on the similarities test measuring verbal ability. If the TRIO instrument yields valid scores measuring visual ability, the degree of linear relationship between these two variables ought to be much lower than that between TRIO and the other visual ability tests. The correlation coefficient calculated for TRIO with the similarities subtest score was r = .16, which was not statistically significant (p = .565). The negligible correlation between TRIO and the similarities subtest indicates that TRIO most likely measures a different construct than the similarities subtest measures.
Interestingly, the correlation between the similarities subtest score and the block design test score was moderate (r = .47, p < .07). This finding suggests that although the block design test may measure visual ability, it also may have some dimensions in common with verbal abilities. It may be that TRIO, which measures several dimensions of visual processing, does a more effective job at isolating visual processing.
Future Studies and Potential Uses of TRIO
Additional research needs to be conducted on TRIO. Additional norming data need to be collected on adults from a noncollege population. Norming data also should include children's scores with TRIO (because the features included are familiar to even young children, there is no reason to believe that TRIO will not work with younger individuals).
The psychometric data collected on TRIO suggest that this instrument should provide valid and reliable scores measuring visual ability. TRIO could thus be used in a variety of situations. It would make a useful diagnostic tool in group settings. It could be used to assist teachers in understanding the ability levels of students. It could assist guidance counselors in facilitating students' selections of careers and assist companies in job placement. Furthermore, TRIO has the potential to be a valuable tool to facilitate understanding of visual abilities and their relationships to preferences and other psychological issues. Because TRIO can be group administered, researchers and other users (teachers, business, etc.) can quickly and easily obtain visual ability scores for large groups of individuals. TRIO may help unlock better understanding of cognitive processing and its implications for learning, selfimprovement, and job performance through visual processing.
